One hundred forty-eight patients with 185 iliac vessel injuries.
guination. Survival by vessel: iliac artery, 57% (20/35); iliac vein, 55% (42/76); and iliac artery and vein, 38% (14/37). Significant predictors of outcome were thoracotomy in the emergency department, associated aortic injury, inferior vena cava injuries, iliac artery and vein injury, intraoperative arrhythmia, and intraoperative coagulopathy. On logistic regression, independent risk factors for survival were absence of thoracotomy in the emergency department, surgical management, and arrhythmia. Mortality by grade on the Organ Injury Scale of the American Association for the Surgery of Trauma (AAST-OIS) was as follows: grade III, 35% (33/95); grade IV, 71% (24/34); and grade V, 79% (15/19) .
Conclusions: Mortality remains high. Associated vessel injuries and intraoperative complications predict mortality. AAST-OIS grade for abdominal vascular injuries correlates well with mortality.
Arch Surg. 2003; 138:1187 -1194 I LIAC VESSEL injuries are some of the most lethal injuries sustained by trauma patients. [1] [2] [3] [4] [5] [6] [7] They are also among the most difficult and challenging injuries managed by trauma surgeons. [1] [2] [3] [4] [5] [6] [7] Frequently, these patients arrive at trauma centers in profound shock secondary to massive blood loss and have already embarked on the vicious cycle of acidosis, hypothermia, and coagulopathy. [8] [9] [10] [11] Exsanguination accounts for their high mortality. 9, [12] [13] [14] [15] [16] [17] Multiple factors increase the lethality of these injuries, such as refractory hemorrhage and the presence of multiple associated injuries, particularly to the genitourinary and gastrointestinal tracts, which produce significant contamination, require complex surgical techniques for management and reconstruction, and pose difficult management paradigms. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [14] [15] [16] [17] [18] Moreover, the anatomic arrangement of these vessels places the patients at risk for multiple vascular and combined arterio-venous injuries. 1, 2, [14] [15] [16] [17] [18] Their difficult exposure and vascular control often taxes the skills of even the most experienced trauma surgeons. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [14] [15] [16] [17] [18] Rapid transport to a trauma center, prompt recognition of the injury, superb knowledge of the local anatomy, and sound surgical judgment remain the cornerstones for survival. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [14] [15] [16] [17] [18] The purposes of this study are to report our experience with iliac vessel injuries, identify predictors of outcome, and correlate mortality with the American Association for the Surgery of Trauma Organ Injury Scale (AAST-OIS) for abdominal vascular injury. 19 
METHODS
During a 100-month study (January 1, 1992, through April 30, 2000) , 148 patients with iliac vessel injuries were admitted at our institution, a large level I urban trauma center. All patients were resuscitated by means of the treatment protocols outlined in the Advanced Trauma Life Support Manual of the American
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College of Surgeons Committee on Trauma. The focused abdominal sonography for trauma examination was routinely used in all patients. All patients underwent systemic administration of preoperative antibiotics and were promptly transferred to the operating room (OR) for definitive surgical intervention. All charts were retrospectively reviewed. Institutional review board approval was obtained.
Demographic data collected included age, sex, mechanism of injury, Revised Trauma Score, and Injury Severity Score (ISS). Admission vital signs, emergency department (ED) surgical procedures inclusive of thoracotomy, and fluid replacement were also recorded. All abdominal vascular injuries were graded by means of the AAST-OIS for abdominal vascular injury. Other data collected included the anatomic location of retroperitoneal hematomas and types of surgical procedures used to manage these injuries, including the need for OR thoracotomy. In addition, the number of associated nonvascular and vascular injuries, postoperative complications, length of stay in the surgical intensive care unit, and hospital length of stay were also collected.
Mortality was the primary outcome measure. The 2-sided Fisher exact test was used to test the significance of association between each of the categorical risk factors with the outcome. Selected continuous and ordinal variables were dichotomized a priori. Descriptive statistics for the continuous and ordinal variables including the mean, SD, minimum, median, and maximum values were reported. The mean value of each of these variables was tested for equality between the survivors and the nonsurvivors by the Mann-Whitney test.
Factors having a PϽ.2 that did not have more than 10% of the data missing were preselected for the stepwise logistic regressions performed in 3 stages. The first stage focused on the preoperative factors, while the second stage included intraoperative and postoperative factors. The significant factors selected by these 2 models were then combined in the third and final logistic regression model.
For comparison of each categorical risk factor among iliac artery, iliac vein, and combined iliac artery plus iliac vein injuries, the 2-sided Fisher exact test was used to test the equality of proportions among the 3 types of iliac vessel injuries. We used the stepdown Sidak method to adjust for multiplicity of pairwise comparisons. We used the Wilcoxon rank sum test to compare the mean of continuous and ordinal variables among the 3 types of iliac vessel injuries, and we used the stepdown Bonferroni method to adjust for multiple comparisons.
RESULTS
During the span of this 100-month study, 148 patients were admitted with iliac vessel injuries. This group included 131 men (89%) and 17 women (11%). Their mean age was 27.0 ± 12.7 years. One hundred forty patients (94.6%) were admitted with penetrating injuries, among whom 128 (91.4%) sustained gunshot wounds and 12 (8.6%), stab wounds. Eight patients (5.4%) were admitted secondary to blunt trauma, of whom 5 (63%) were pedestrians struck by vehicles and 3 (37%) sustained motor vehicle crashes.
The mean systolic blood pressure at admission was 81±42 mm Hg. Mean heart rate at admission was 98±39 beats/min. The mean Revised Trauma Score was 6.0±2.8. The mean ISS was 20.0±9.5, indicating a severely injured patient population. In the ED, 22 patients (15%) underwent thoracotomy, aortic cross-clamping, and open cardiopulmonary resuscitation, of whom 4 (18%) survived. Mean volume of resuscitative fluids in the ED was 2985 mL. Mean volume of crystalloids was 2628±1398 mL, and mean volume of packed red blood cells was 357±368 mL.
The ED factors significantly associated with mortality included absence of blood pressure (P=.03; relative risk [RR], 1.56; 95% confidence interval [CI], 1.16-2.11), absence of spontaneous ventilation (P =.006; RR, 1.67; 95% CI, 1.25-2.33), and ED thoracotomy (PϽ.001; RR, 2.03; 95% CI, 1.60-2.58). Similarly, Revised Trauma Score of 0 (P=.03; RR, 1.68; 95% CI, 1.22-2.32) and ISS (PϽ.001; RR, 1.67; 95% CI, 1.24-2.24) were significantly associated with outcome.
All patients were rapidly transported to the OR. Furthermore, an additional 31 (21%) underwent OR thoracotomy, of whom 5 (16%) survived. Operative findings showed a total of 154 retroperitoneal hematomas, 38 (25%) zone I, 27 (17%) zone II, and 89 (58%) zone III. There were a total of 185 vessels injured in 148 patients, for an average of 1.25 vessels injured per patient. Of the 185 vessels injured, there were 72 iliac artery injuries (39%), of which 35 were isolated. There were 113 iliac vein injuries (61%), of which 76 were isolated. Thirty-seven patients experienced combined iliac artery and vein injuries.
All patients' injuries were graded according to the AAST-OIS for abdominal vascular injuries. Mortality stratified by AAST-OIS injury grade was as follows: grade III, 35% (33/95); grade IV, 71% (24/34); and grade V, 79% (15/19) . Injury grade predicted mortality. Ninety-five pa- tients (64%) were classified as AAST-OIS grade III, 34 (23%) as grade IV, and 19 (13%) as grade V. With grade III used as the reference, the RR of mortality for grade IV was 1.98 (95% CI, 1.43-2.73; PϽ.001) and that for grade V was 2.06 (95% CI, 1.46-2.91; P=.002). Operative management of the 72 iliac artery injuries consisted of primary arteriorrhaphy in 57 patients (79%); 14 (20%) required graft interposition and 1 patient (1%) had ligation of his iliac artery injury in desperation and died. Surgical management of the 113 iliac vein injuries consisted of ligation in 101 (89%), while 12 (11%) underwent lateral venorrhaphy. Twenty-seven (18%) of the 148 patients in this series underwent damage control. Fasciotomies were performed when indicated.
The mean estimated blood loss (EBL) was 6246±6174 mL. The mean intraoperative fluid replacement with crystalloids, colloids, blood, and blood products was 13605 mL ( Table 1 ). There were a total 346 associated injuries: 271 nonvascular injuries, for a mean number of 1.83 associated injuries per patient, and 77 associated vascular injuries, for a mean number of 0.52 associated injuries per patient ( Table 2) .
The significant number of associated vascular injuries, as well as specific associated vessel injuries to the aorta or inferior vena cava (IVC), and the presence of an iliac artery injury either alone or in combination with an iliac vein injury were strong predictors of mortality ( Table 3 ). Seventy-one patients (48.0%) experienced coagulopathy, 52 (35.1%) experienced arrhythmias, 49 (33.1%) developed hypothermia, and 51 (34.5%) developed acidosis. Intraoperative complications were also significant predictors of outcome ( Table 4) .
Of the 148 patients admitted, 76 survived, for an overall survival rate of 51%. If nonsurviving patients who underwent ED thoracotomy (n=18) are excluded, the overall survival rate is 58%. Fifty-nine patients (82% of the 72 who died) died in the OR secondary to exsanguination. The remaining 13 (18%) died in the surgical intensive care unit of postoperative complications. Risk factors associated with outcome between nonsurvivors and survivors were classified into preoperative, intraoperative, and postoperative ( Table 5) . Isolated arterial or venous injuries resulted in survival rates of 57% and 55%, respectively, consistently higher than the 38% survival from combined iliac artery plus vein injury ( Table 6) .
A comparison between isolated iliac artery or iliac vein injuries vs combined iliac artery plus vein injuries showed significant differences. Combined injuries were more likely to require ED thoracotomy (P=.01) and result in intraoperative shock (P = .04) and arrhythmias (P=.04); incurred a greater number of intraoperative complications (P=.02); and were more likely to require reintervention (P = .02). Postoperative complications included infections in 13 patients (17% of the 76 survivors), sepsis and multiple-system organ failure in 8 (11%), deep venous thrombosis in 5 (7%), and arteriovenous fistula in 2 (3%). One patient (1%) who sustained a blunt iliac artery injury required a below-the-knee amputation.
Using the significant factors identified in the univariate analysis, the stepwise logistic regression analysis identified 2 significant factors associated with survival, no need for ED thoracotomy and surgical management (representing the ability to repair the injured vessel and restore flow, which are associated with decreased mortality), whereas the presence of intraoperative arrhythmias was associated with a significant decrease in survival ( Table 7) .
COMMENT
Iliac vessel injuries are some of the most lethal injuries sustained by trauma patients. The majority of these patients arrive with severe physiological compromise sec- ondary to blood loss and large numbers of associated injuries. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The incidence of iliac vessel injury varies depending on the setting. During World War I, Makins 20 reported 5 iliac artery injuries in 1202 patients, for an incidence of 0.4%. During World War II, DeBakey and Simeone 21 reported 43 iliac artery injuries in 2471 patients, for an incidence of 1.7%. Hughes 22 during the Korean conflict and Rich et al 23 during the Vietnam conflict reported incidences of 2.3% and 2.6%, respectively. Iliac vessel injuries are reported with greater frequency from the civilian arena. In a recent survey at an urban level I trauma center, Bongard et al 24 reported that iliac artery injuries represented only 10% of abdominal vascular injuries and less than 2% of all vascular trauma. Mattox and colleagues, 25 in a series of 5760 cardiovascular injuries in 4459 patients during a 30-year period, reported 232 arterial and 289 venous injuries for an incidence of 11%. Asensio et al, 1 in a large series reporting abdominal vascular injuries, described 112 iliac vessel injuries-60 arterial and 52 venous-in a group of 504 abdominal vessels injured, for an incidence of 22% of their abdominal vascular injuries.
Burch et al, 14 in the largest series to date, consisting of 233 patients sustaining iliac vessel injuries, reported that the common iliac artery was the most frequently injured vessel, with an incidence of 40%, while both external and internal iliac arteries accounted for 30% of these injuries. In the venous system, the common iliac vein was the most frequently injured vessel at 48%, the external iliac vein was injured in 32% of the patients, and the internal iliac vein accounted for 20% of the venous injuries. In this series, Burch et al 14 reported a 70% incidence of combined arteriovenous injuries.
Asensio et al 1 reported an 18% incidence of associated arterial injuries with injured iliac arteries and a 29% incidence of combined iliac arteriovenous injuries. Although uncommon, iliac artery injuries are not rare in busy urban trauma centers. In a large review of the literature consisting of 6588 peripheral vascular injuries, Mattox et al 26 in 1978 collected data on 194 iliac artery injuries and reported an incidence ranging from 1.5% to 9.8%.
The presentation of patients sustaining iliac vessel injuries may range from total hemodynamic stability, generally in patients with contained retroperitoneal hematomas, to those presenting in shock, with abdominal distention, and in cardiopulmonary arrest. 1, [14] [15] [16] [17] [18] In Millikan and coworkers' series, 18 52 patients presented in severe shock with systolic blood pressures less than 60 mm Hg. Ryan et al 17 reported that 94 (82%) of their 114 patients were admitted with blood pressures less than 90 mm Hg. Burch et al 14 reported that 140 of their patients were admitted with blood pressures less than 80 mm Hg, while Cushman et al 16 and Carrillo et al 15 reported incidences of hypotension in 70% and 86% their patients, respectively.
In our series, the mean admission blood pressure was 81 mm Hg. Our patients' low Revised Trauma Score and high mean ISS of 20 indicate both a physiologically comprised and severely injured patient population. To date, no series in the literature, to our knowledge, has reported this measure for iliac vessel injury.
Penetrating trauma remains the predominant cause of the majority of iliac vessel injuries. Series by Mattox, 26 Millikan, 18 Ryan, 17 Burch, 14 DeGiannis, 27 and Carrillo et al 15 reported no blunt iliac vessel injuries. Of series reporting blunt iliac vessel injuries, Cushman et al 16 reported an incidence of 5% in 53 patients admitted with iliac vessel injury. In our series, 8 patients (5%) sustained blunt injury. The use of resuscitative thoracotomy has been reported as an adjunct for the management of these injuries. Millikan et al 18 15 performed ED thoracotomy in 2 of 64 patients, with no survivors. In our series of 148 patients, 22 patients (15%) required ED thoracotomy and 4 survived, for an 18% survival rate. An OR thoracotomy was required in 31 patients (21%), with a 16% survival. In our experience, both resuscitative ED thoracotomy and OR thoracotomy allowed for salvage of 9 patients.
The high mortality of iliac vessel injuries has frequently been attributed to absence of retroperitoneal tamponade, which often leads to rapid and massive hemorrhage culminating in irreversible shock. 1, [14] [15] [16] [17] [18] 26 The high incidence of combined iliac artery and vein injuries is also an important risk factor for mortality. 1, [14] [15] [16] [17] [18] 26 As with all vascular injuries, time to proximal and distal control is one of the most important factors predictive of outcome. Several series report significant delays in admission to the OR. In the series by Burch et al, 14 89 patients whose condition did not improve with resuscitation experienced a mean delay of 34 minutes, although 29 of those patients also required ED thoracotomy. Of the 138 patients whose condition was stable or responded to fluid resuscitation, the mean delay from admission to OR was 176 minutes. Similar times were reported by DeGiannis et al. 27 In this series, 34 patients who did not respond to resuscitative measures experienced a mean time of 50 minutes from admission to OR, while the 28 patients who were normotensive on admission or responsive to fluid resuscitation had a mean hospital preoperative time of 155 minutes. Carrillo et al 15 reported a mean time from hospital admission to operation of 55 minutes. Time remains of the essence. The policy of our trauma center mandates admission to the OR within 15 minutes for any patient requiring surgical intervention.
Mortality from iliac vessel injury is largely due to a large number of associated injuries. These injuries can be divided into 2 categories, vascular and nonvascular. Burch et al 14 reported 345 associated abdominal injuries in a series of 233 patients, for a mean of 1.5 associated nonvascular injuries per patient. An additional 44 patients had injuries to intra-abdominal vessels, for a mean of 0.2 associated vascular injury per patient. Sixteen patients with associated IVC injury had a mortality rate of 42%, 7 with injuries to the abdominal aorta had a 58% mortality rate, and all 3 patients with injuries to the superior mesenteric vessels died.
Carrillo et al 15 reported the presence of associated nonvascular injuries in 62 of their 64 patients, for an incidence of 97%, with an average of 2.8 injuries per patient. Associated abdominal vascular injuries were present in 22%, for an incidence of 0.2 associated vascular injury per patient. Cushman et al 16 reported 1.7 associated nonvascular injuries per patient, and 9 injuries to the aorta and IVC, for a mean of 0.17 associated vascular injury per patient. In our series, our patients experienced a mean of 1.83 associated nonvascular injuries per patient and a mean of 0.52 associated vascular injury per patient, representing the highest number of associated injuries reported in the literature to date.
Burch et al 14 reported mortalities ranging from 42% to 58% when the aorta or IVC was injured in association with either an iliac artery or vein injury, although their numbers were small. In the series by Wilson et al 28 that consisted of 49 iliac vein injuries, there was a 100% mortality when iliac vein injuries were found in association with either an aortic or IVC injury or when there were 2 or more iliac veins injured. Also reported was a 57% mortality rate for combined arterial and venous injuries. Ryan et al 17 reported mortality rates of 100% for combined iliac arteries injured in association with the aorta, 75% when associated with IVC injuries, and 47% for combined iliac artery and vein injuries.
Our study focused on predictors of outcome. Associated injuries to the aorta, IVC, and combined iliac artery and vein injuries are strong predictors of mortality. Moreover, iliac artery injuries experienced higher mortality than iliac vein injuries. Of all these predictors of outcome, iliac vein injuries are clearly the most amenable to rapid management; therefore, most iliac vein injuries, unless simple and easily repaired by single lateral venorrhaphy, can be managed by ligation, a technically less challenging procedure. This would certainly decrease intraoperative time for these critically injured patients.
Other important predictors of outcome described in the literature include EBL and persistent shock. Burch et al 14 correlated the number of associated vessel injuries and found that when 2 to 4 vessels were injured, EBL ranged from 6000 to 8400 mL. For patients experiencing EBL of greater than 3900 mL, the mortality rate was 51%. In our series, surviving patients experienced a mean EBL of 4600 mL compared with 8200 mL for nonsurvivors.
Both Carrillo et al 15 and Cushman et al 16 focused attention on the need for abbreviated laparotomy and/or damage control. In the series by Carillo et al, patients' EBL was stratified for those subjected to definitive lap- arotomy vs those undergoing abbreviated laparotomy. In the groups who had definitive laparotomy, survivors had EBL of 6200 mL compared with 12 800 mL in nonsurvivors. For patients subjected to abbreviated laparotomy, survivors had an EBL of 4800 mL compared with 8400 mL in nonsurvivors. The latter figures are very consistent with the findings in our series. Rapid surgical intervention with immediate exposure to obtain proximal and distal control and stop the rapid blood loss experienced by these patients is key to their survival. The iliac vessels in zone III can be exposed by transecting the avascular line of Toldt of both right and left colon and reflecting them medially by means of a combination of blunt and sharp dissection. 1 Proximal and distal control of these vessels can be very challenging given their anatomic location and large associated retroperitoneal hematomas 1 ; in our series, 58% of patients had zone III retroperitoneal hematomas.
Ideally, all iliac vessel injuries should be graded according to the AAST-OIS for abdominal vascular injuries. In this series, injury grade correlated well with mortality. This is the first study, to our knowledge, in which the AAST-OIS was applied to grade iliac vessel injuries. Previous work from our institution has validated its use for abdominal vascular injuries. 1, 11, 29 All iliac arteries should be definitively repaired by primary arteriorrhaphy if possible. When there has been significant destruction of the vessel wall, reconstruction can be accomplished with end-to-end anastomosis or bypass with either autogenous saphenous vein or polytetrafluoroethylene grafts (PTFE). Burch et al 14 reported a 7% incidence of end-to-end anastomosis and use of PTFE, while Cushman et al 16 reported a 13% incidence of end-to-end anastomosis and 6% incidence of the use of PTFE. In our series, no end-to-end anastomoses or autogenous grafts were used; given the injury severity and degree of destruction, 20% of our patients required PTFE.
Other important predictors of outcome in our series included intraoperative complications, such as acidosis, hypothermia, and coagulopathy along with intraoperative shock. We agree with Burch, 14 Carrillo, 15 and Cushman et al 16 that, in the presence of these complications, damage control or bailout should be performed. 30, 31 We recently validated a model of reliable variables that indicate damage control and predict outcome, and we are strong proponents of damage control. 9 In our series, only 1 patient required an amputation. This compares favorably with results in the literature. Similar experiences were reported by Millikan et al 18 and Ryan et al, 17 who reported a single amputation in their 86 surviving patients. In the series by Carrillo et al, 15 1 patient required an amputation after an extra-anatomic bypass procedure. All 3 amputations required in the series by Burch et al 14 also occurred after ligation and extraanatomic bypass.
Our survival rates compare favorably with those in the literature. Survival rates of 57% and 55% for arterial and venous injuries, respectively, continue to support the current policies of our trauma center, given the injury severity of our patients, the large EBL, and the fact that this is the largest series of associated vascular and non-vascular injuries reported to date. However, much remains to be done. Despite many recent advances in shock management, resuscitation, and damage control, iliac vessel injuries remain very lethal.
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